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RFID DECODING SUBSYSTEM WITH 
DECODEMODULE 

CROSS REFERENCE TO RELATED PATENTS 

NOTAPPLICABLE 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH ORDEVELOPMENT 

NOTAPPLICABLE 

INCORPORATION-BY-REFERENCE OF 
MATERIAL SUBMITTED ON A COMPACT DISC 

NOTAPPLICABLE 

BACKGROUND OF THE INVENTION 

1.Technical Field of the Invention 
This invention related generally to digital signal processing 

and more particularly to encoding and decoding of data. 
2. Description of Related Art 
As is known, some radio frequency identification (RFID) 

systems utilize FMO and/or FM1 encoding/decoding 
schemes, which are both bi-phase encoding schemes, for tag 
to reader communications. Other RFID systems may utilize 
various classes of encoding/decoding schemes based on the 
different standards such as EPC (Electronic Product Code) or 
ISO standards. As is further known, on the reverse tag-to 
reader link, EPC Class 1 uses a four-interval bit cellencoding 
while EPC Class 1 Gen 2 and ISO 18000-6 Standards use FMO 
bi-phase encoding that has a state transition at every bit 
boundary. Also EPC class 0 encoding is based on frequency 
shift keying (FSK) encoding. 

For FMO a logic one is represented as a single state from bit 
boundary to bit boundary and a logic Zero is represented as 
two states from bit boundary to bit boundary with one tran 
sition in the middle of the bit. For example, if the state of the 
previous encoded bit is -1 at the beginning of the data clock 
cycle for the present encoded bit, then, for a logic one, the 
state transitions to +1 and is maintained for the duration of the 
data clock cycle. If, however, the state of the previous 
encoded bit is +1 at the beginning of the data clock cycle for 
the present encoded bit, then, for a logic one, the state is 
transitioned to -1, which is maintained for the duration of the 
data clock cycle. 

Continuing with the above example, if the state of the 
previous encoded bit is -1 at the beginning of the data clock 
cycle for the present encoded bit, then, for a logic Zero, the 
state transitions twice during the data clock cycle: from -1 to 
+1 and then from +1 to -1. If, however, the state of the 
previous encoded bit is +1 at the beginning of the data clock 
cycle for the present encoded bit, then, for a logic Zero, the 
state transitions twice during the data clock cycle: from +1 to 
-1 and then from -1 to +1. FM1 functions in a similar manner, 
but represents a logic Zero with a single state from bit bound 
ary to bit boundary and a logic one with a two states from bit 
boundary to bit boundary with one transition in the middle of 
the bit. 
As mentioned, FMO encoding is currently used, for 

example, for tag-to-reader communication in EPC Class 1 
Gen 2 and ISO 18000-6 RFID standards. EPC class 1 encod 
ing is similar to FM1 encoding, but includes additional tran 
sitions with the bit. For example, a logic Zero is represented by 
state transitions at the boundaries of a bit and a single transi 
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2 
tion within the bit and a logic one is represented by State 
transitions at the boundaries of a bit and three transitions 
within the bit. 

Conventional bi-phase decoders for FMO and/or FM1 
encoded data (e.g., as in EPC Class 1 Gen 2 and in ISO 
18000-6) and for the four-interval bit cell encoded data (e.g., 
as in EPC Class 1) are bit by bit decoders that include a pair 
of matched filters, a data slicer, and an absolute value com 
parator. A first matched filter of the pair of matched filters has 
a filter response that corresponds to a single state transition 
and the second matched filter has a filter response that corre 
sponds to a double state transition. The data slicer receives the 
outputs of the matched filters and produces a digital value 
representation thereof. The absolute value comparator com 
pares the digital value representations to determine whether 
the encoded data represents a logic one or a logic Zero. 
As is generally accepted in the art of encoding/decoding, 

bit error rate (BER) is a function of signal to noise ratio and 
the encoding process. For bi-phase decoders, the encoding 
process is achieved by encoding a bit as either a single state 
within a data clock cycle, a dual state within a data clock 
cycle, or four states within a data clock cycle. Thus, from bit 
to bit, the resulting encoded value will be different. As is also 
generally accepted, the difference between encoded values 
can be measured using a Hamming distance (i.e., the number 
of bits that differ from encoded word to encoded word). A 
decoder's sensitivity (i.e., ability to accurately decode 
encoded data as the signal to noise ratio decreases) is a func 
tion of a minimum Hamming distance (i.e., the minimum 
number of bits that differ from any encoded word to any other 
encoded word), which for conventional FMO and FM1 decod 
ers is one. As such, for decoders, including EPC class 1, FMO 
and FM1 decoders, the BER is a function of the signal to noise 
ratio and the minimum Hamming distance. 

Therefore, a need exists for a method and apparatus of 
decoding bi-phase and/or FSK encoded data that improves bit 
error rate relative to signal to noise ratio performance, 
improves overall performance, and/or improves manufactur 
ability. 

BRIEF SUMMARY OF THE INVENTION 

The present invention is directed to apparatus and methods 
of operation that are further described in the following Brief 
Description of the Drawings, the Detailed Description of the 
Invention, and the claims. Other features and advantages of 
the present invention will become apparent from the follow 
ing detailed description of the invention made with reference 
to the accompanying drawings. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING(S) 

FIG. 1 is a schematic block diagram of an RFID system in 
accordance with the present invention; 

FIG. 2 is a schematic block diagram of an RFID reader in 
accordance with the present invention; 

FIG. 3 is a schematic block diagram of an embodiment of 
an RFID reader receiver in accordance with the present inven 
tion; 

FIG. 4 is a schematic block diagram of an embodiment of 
an RFID decoding subsystem in accordance with the present 
invention; 

FIG. 5 is a diagram of an example of counting process 
based decoding in accordance with the present invention; 
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FIG. 6 is a schematic block diagram of an embodiment of 
a pre-decode module in accordance with the present inven 
tion; 

FIG. 7 is a schematic block diagram of another embodi 
ment of an RFID decoding subsystem in accordance with the 5 
present invention; 

FIG. 8 is a schematic block diagram of another embodi 
ment of an RFID decoding subsystem in accordance with the 
present invention; 

FIG. 9 is a schematic block diagram of another embodi- 10 
ment of an RFID decoding subsystem in accordance with the 
present invention; 

FIG. 10 is a schematic block diagram of another embodi 
ment of a pre-decode module in accordance with the present 
invention; 15 

FIG. 11 is a schematic block diagram of another embodi 
ment of a pre-decode module in accordance with the present 
invention; 

FIG. 12 is a schematic block diagram of another embodi 
ment of an RFID decoding subsystem in accordance with the 20 
present invention; 

FIG. 13 is a diagram of an example of sample based decod 
ing in accordance with the present invention; 

FIG. 14 is a schematic block diagram of another embodi 
ment of an RFID decoding subsystem in accordance with the 25 
present invention; and 

FIG. 15 is a schematic block diagram of another embodi 
ment of an RFID decoding subsystem in accordance with the 
present invention. 

30 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 is a schematic block diagram of an RFID (radio 
frequency identification) system that includes a computer/ 
server 12, a plurality of RFID readers 14-18 and a plurality of 35 
RFID tags 20-30. The RFID tags 20-30 may each be associ 
ated with a particular object for a variety of purposes includ 
ing, but not limited to, tracking inventory, tracking status, 
location determination, assembly progress, etcetera. 

Each RFID reader 14-18 wirelessly communicates with 40 
one or more RFID tags 20-30 within its coverage area. For 
example, RFID reader 14 may have RFID tags 20 and 22 
within its coverage area, while RFID reader 16 has RFID tags 
24 and 26, and RFID reader 18 has RFID tags 28 and 30 
within its coverage area. The RF communication scheme 45 
between the RFID readers 14-18 and RFID tags 20-30 may be 
a backscattering technique whereby the RFID readers 14-18 
provide energy to the RFID tags via an RF signal. The RFID 
tags derive power from the RF signal and respond on the same 
RF carrier frequency with the requested data. 50 

In this manner, the RFID readers 14-18 collect data as may 
be requested from the computer/server 12 from each of the 
RFID tags 20-30 within its coverage area. The collected data 
is then conveyed to computer/server 12 via the wired or 
wireless connection 32 and/or via the peer-to-peer commu- 55 
nication 34. In addition, and/or in the alternative, the com 
puter/server 12 may provide data to one or more of the RFID 
tags 20-30 via the associated RFID reader 14-18. Such down 
loaded information is application dependent and may vary 
greatly. Upon receiving the downloaded data, the RFID tag 60 
would store the data in a non-volatile memory. 
As indicated above, the RFID readers 14-18 may option 

ally communicate on a peer-to-peer basis such that each RFID 
reader does not need a separate wired or wireless connection 
32 to the computer/server 12. For example, RFID reader 14 65 
and RFID reader 16 may communicate on a peer-to-peer basis 
utilizing a back scatter technique, a wireless LAN technique, 

4 
and/or any other wireless communication technique. In this 
instance, RFID reader 16 may not include a wired or wireless 
connection 32 to computer/server 12. Communications 
between RFID reader 16 and computer/server 12 are con 
veyed through RFID reader 14 and the wired or wireless 
connection 32, which may be any one of a plurality of wired 
standards (e.g., Ethernet, fire wire, etcetera) and/or wireless 
communication standards (e.g., IEEE 802.11x, Bluetooth, et 
cetera). 
As one of ordinary skill in the art will appreciate, the RFID 

system of FIG.1 may be expanded to include a multitude of 
RFID readers 14-18 distributed throughout a desired location 
(for example, a building, office site, etcetera) where the RFID 
tags may be associated with equipment, inventory, personnel, 
etcetera. Note that the computer/server 12 may be coupled to 
another server and/or network connection to provide wide 
area network coverage. 

FIG. 2 is a schematic block diagram of an RFID reader 
14-18 that includes an integrated circuit 56 and may further 
include a local area network (LAN) connection module 54. 
The integrated circuit 56 includes protocol processing mod 
ule 40, an encoding module 42, a digital-to-analog converter 
(DAC) 44, an RF front-end 46, digitization module 48, and a 
decoding subsystem, which includes a pre-decode module 50 
and a decode module 52. The local area network connection 
module 54 may include one or more of a wireless network 
interface (e.g., 802.11n.X., Bluetooth, etcetera) and/or a wired 
communication interface (e.g., Ethernet, fire wire, etcetera). 
The protocol processing module 40 is operably coupled to 

prepare data for encoding via the encoding module 42 which 
may perform a data encoding in accordance with one or more 
RFID standardized protocols. The encoded data is provided 
to the digital-to-analog converter 44 which converts the digi 
tally encoded data into an analog signal. The RF front-end 46 
modulates the analog signal to produce an RF signal at a 
particular carrier frequency. 
The RF front-end 46 includes transmit blocking capabili 

ties such that the energy of the transmit signal does not Sub 
stantially interfere with the receiving of a backscattered RF 
signal received from one or more RFID tags. The RF front 
end 46 converts the received RF signal into a baseband signal. 
The digitization module 48, which may be a limiting module 
or an analog-to-digital converter, converts the received base 
band signal into a digital signal. The pre-decode module 50. 
as will be described in greater detail with reference to at least 
some of FIGS. 3-15, converts the digital signal into a biphase 
encoded signal or mixed signal in accordance with the par 
ticular RFID protocol being utilized. The biphase encoded or 
mixed signal is provided to the decoding module 52, which 
recaptures data therefrom in accordance with the particular 
encoding scheme of the selected RFID protocol as will be 
described in greater detail with reference to at least some of 
FIGS. 3-15. The protocol processing module 40 provides the 
recovered data to the server and/or computer via the local area 
network connection module 54. As one of ordinary skill in the 
art will appreciate, the RFID protocols (such as EPC class 0, 
EPC class 1, EPC Class 1 Gen 2, ISO 18000-6, etc.) utilize 
one or more of line encoding schemes such as Manchester 
encoding, FMO encoding, FM1 encoding, four-interval bit 
cell encoding, etc. 

FIG. 3 is a schematic block diagram of an embodiment of 
an RFID reader receiver that includes the RF front-end 46, the 
pre-decode module 50, and the decode module 52. The RF 
front-end 46 includes a low noise amplifier (LNA) 60, a block 
cancellation module 62, and a down conversion module 64. 
As one of ordinary skill in the art will appreciate, modules 50. 
52, and 64 may be implemented using separate processing 
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modules, a common processing module, and/or a combina 
tion thereof. Such a processing module may be a single pro 
cessing device or a plurality of processing devices. Such a 
processing device may be a microprocessor, micro-control 
ler, digital signal processor, microcomputer, central process 
ing unit, field programmable gate array, programmable logic 
device, state machine, logic circuitry, analog circuitry, digital 
circuitry, and/or any device that manipulates signals (analog 
and/or digital) based on hard coding of the circuitry and/or 
operational instructions. The processing module may have an 
associated memory and/or memory element, which may be a 
single memory device, a plurality of memory devices, and/or 
embedded circuitry of the processing module. Such a 
memory device may be a read-only memory, random access 
memory, Volatile memory, non-volatile memory, static 
memory, dynamic memory, flash memory, cache memory, 
and/or any device that stores digital information. Note that 
when the processing module implements one or more of its 
functions via a state machine, analog circuitry, digital cir 
cuitry, and/or logic circuitry, the memory and/or memory 
element storing the corresponding operational instructions 
may be embedded within, or external to, the circuitry com 
prising the state machine, analog circuitry, digital circuitry, 
and/or logic circuitry. Further note that, the memory element 
stores, and the processing module executes, hard coded and/ 
or operational instructions corresponding to at least Some of 
the steps and/or functions illustrated in at least some of FIGS. 
3-15. 

In operation, the low noise amplifier 60 is coupled to 
amplify an inbound RF signal to produce an amplified 
inbound RF signal. The block cancellation module 62 is 
coupled to receive an outbound RF signal from a transmitter 
of the RFID reader and to substantially cancel a blocking 
signal from the amplified inbound RF signal using the out 
bound RF signal and substantially pass the modulated RF 
signal. The down-conversion module 64 is coupled to convert 
the modulated RF signal into down-converted RFID signals 
66. Note that the down-converted RFID signals 66 may be 
real or complex baseband signals, real or complex near base 
band signals (e.g., having an intermediate frequency closer to 
baseband than closer to the carrier frequency of the RF sig 
nal), an in-phase component signal, and/or a quadrature com 
ponent signal. Further note that the RF front-end 46 may also 
include an analog to digital converter, Such that the down 
converted RFID signals 66 may be converted to digital signals 
before being provided to the pre-decode module 50. 

The pre-decode module 50 is coupled to process the down 
converted RFID signals 66 into pre-decoded baseband (BB) 
data 68 and/or corresponding decoding information 70. Note 
that in at least one embodiment of the pre-decode module 50. 
it produces only the pre-decoded baseband data 68. The 
decode module 52 is coupled to process the pre-decoded 
baseband data 68 into decoded RFID data 72. In at least one 
embodiment of the decode module 50, it produces the 
decoded RFID data 72 from the pre-decoded baseband data 
68 based on the corresponding decoding information 70. In at 
least one other embodiment of the decode module 50, it 
produces the decoded RFID data 72 directly from the pre 
decoded baseband data 68. 

FIG. 4 is a schematic block diagram of an embodiment of 
an RFID decoding subsystem that includes the pre-decode 
module 50 and the decode module 52. The pre-decode mod 
ule 50 includes an in-phase (I) filter 80, a quadrature (Q) filter 
82, an amplitude estimation module 84, and a limiting mod 
ule 86. The decode module 52 includes a counting process 95 
and a decision module 96. The counting process 95 includes 
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6 
an NX clock source 90 (i.e., with a clock frequency N times 
the symbol rate), a first counter 92, a second counter 94, and 
an inverter. 
The I and Q filters 80 and 82, which may below pass filters 

or bandpass filters, filter I component of the down-converted 
RFID signals 66 to produce filtered I component signals and 
filter Q component of the down-converted RFID signals 66 to 
produce filtered quadrature component signals, respectively. 
The amplitude estimation module 84 is coupled to estimate 
amplitude of the down-converted RFID signals 66 based on 
the filtered I and Q component signals to produce an esti 
mated amplitude. In one embodiment, the amplitude estima 
tion module 84 performs the function of: 

V 12 + Q2, 

where I represents amplitude of the in-phase component sig 
nals and Q represents amplitude of the quadrature component 
signals. In another embodiment, the amplitude estimation 
module 84 estimates the approximate amplitude using one or 
more of a plurality of amplitude estimation techniques. One 
Such technique is to perform the function of 
max(II,IQI)+0.5*min(II,IQI). As one of ordinary skill in the 
art will appreciate, other approximations and/or techniques 
may be used to determine the amplitude. 
The limiting module 86 is coupled to produce the pre 

decoded baseband databased on the estimated amplitude. In 
one embodiment, the limiting module 86 limits the received 
data to a logic 1 state or a logic 0 state. As such, a bit of 
pre-decoded baseband data 68 will be in accordance with a 
bi-phase encoding scheme (e.g., FMO, FM1, etc.). 
The first counter 92 is enabled when the pre-decoded base 

band data 68 is in a first state (e.g., a logic 1) and the second 
counter 94 is enabled when the pre-decoded baseband data 68 
is in a second state (e.g., a logic 0). After a reset signal from 
the decision module 96, which occurs at every bit boundary or 
a grouping of bit boundaries, the first or second counter 92 or 
94 begins counting cycles of the clock signal produced by the 
NX clock source 90 for at least one period of a data rate 
interval (e.g., duration from one bit boundary to the next) to 
produce a first and second count, respectively. In one embodi 
ment, X corresponds to the bit rate of the decoded RFID data 
72 and N is a multiplier, or oversampling factor, of two or 
O. 

The decision module 96, which may be implemented via 
finite state machine logic and/or a processing module, 
receives the first and second counts and determines therefrom 
the decoded RFID data 72. In one embodiment, the decision 
module 96 functions to compare the first count with a first 
threshold and to compare the second count with a second 
threshold. The decision modules 96 then decodes the pre 
decoded baseband signal for the at least one period of the data 
rate interval as a first decoded value (e.g., as a logic 1 for 
FMO) when the first and second counts compare unfavorably 
with the first and second thresholds. Alternatively, when the 
first count and the second count compares favorably with the 
first and second thresholds, the decision module 96 decodes 
the pre-decoded baseband signal for the at least one period of 
the data rate interval as a second decoded value (e.g., as a 
logic 0 for FMO). In another embodiment, the decision mod 
ule 96 obtains the difference between the first and the second 
count. It then compares this count difference with a threshold. 
The decision module 96 then decodes the pre-decoded base 
band signal for the at least one period of the data bit interval 
as a first decoded value (e.g., logic 0 in FMO) if the count 
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difference is lower than the threshold. Otherwise, if the count 
difference is larger than the threshold, the decision module 96 
assumes no state transition in between the bit boundaries and 
therefore decodes the pre-decoded baseband signal for the at 
least one period of the data bit interval as a second decoded 
value (e.g., logic 1 in FMO). 

FIG. 5 is a diagram of an example of counting process 
based decoding performed by the decode module of FIG. 4. In 
this example, the pre-decoded BB data 68 is in accordance 
with the FMO encoding. As shown, a logic 0 of the pre 
decoded BB data 68 is represented by a state change within 
the bit boundaries and a logic one of the pre-decoded BB data 
68 is presented by a constant state within the bit boundaries. 
In this example, the NX clock source 90 is producing a clock 
signal that has a rate 8 times the bitrate (i.e., duration between 
bit boundaries of the pre-decoded BB data 68). 

At the beginning of a new bit, either the first or second 
counter 92 or 94 is enabled based on the state of the pre 
decoded BB data 68. For example, if the first counter 92 is 
enabled on the rise edge of a logic one state, then the second 
counter is enabled on the falling edge of a logic one state. 
Thus, for a logic 0 state of the pre-decoded BB data 68, either 
the first or the second counter 92 or 94 will be enabled based 
on the previous state of the pre-decoded BB data 68. In either 
case, with a transition within the center of the bit, both 
counters 92 and 94 will count approximately the same num 
ber of clock cycles. In this example, both counters 92 and 94 
count 4 clock cycles. The decision module 96 compares the 
outputs of the counters 92 and 94 with a threshold value (e.g., 
4) to determine that the current pre-decoded BB data 68 
corresponds to a logic 0. Note that, the output of one counter 
may provide the threshold for the other or the thresholds may 
be a stored value based on N of the NX clock source 90. 
Further note that there may be a tolerance to the comparison 
of the first and second counts with the thresholds for a favor 
able comparison. For example, if the first counter 92 had a 
count of 5 and the second counter had a count of 3 for an N of 
8 of the NX clock source90, the decision module 96 could still 
accurately interpret the counts to decode a logic 0. 
When the pre-decoded BB data 68 corresponds to an FMO 

logic one, there is no transition within the bit. As such, either 
the first or the second counter 92 or 94 will produce a count of 
8 for this example and the other would produce a count of 0. 
The decision module 96 compares the outputs of the counters 
92 and 94 with a threshold value (e.g., 4) to determine that the 
current pre-decoded BB data 68 corresponds to a logic 1. 
Note that there may be a tolerance to the comparison of the 
first and second counts with the thresholds for a favorable or 
unfavorable comparison based on the rate of the clock signal. 
For example, if the first counter 92 had a count of 5 and the 
second counter had a count of 3 for an oversampling factor of 
8 of the NX clock source90, the decision module 96 could still 
accurately interpret this as a favorable comparison to produce 
a logic 0. As a further example, if the first counter 92 had a 
count of 1 and the second counter had a count of 7 for an 
oversampling factor of 8 of the NX clock source 90, the 
decision module 96 could still accurately interpret this as an 
unfavorable comparison to produce a logic 1. 

FIG. 6 is a schematic block diagram of an embodiment of 
a pre-decode module 50 that includes the I filter 80, the Q 
filter 82, an I Received Signal Strength Indication (RSSI) 
module 100, a QRSSI module 102, an I limiting module 104, 
a Q limiting module 106, and a selection module 106. In this 
embodiment, the I limiting module 104 limits the filtered I 
signals of the down-converted RFID signals 66 to produce 
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8 
limited I signals and the Q limiting module 106 limits the 
filtered Q signals of the down-converted RFID signals 66 to 
produce limited Q signals. 
The IRSSI module 100 measures the signal strength of the 

filtered I signals to produce an I RSSI value and the QRSSI 
module 102 measures the signal strength of the filtered Q 
signals to produce a QRSSI value. Note that the measure of 
signal strength may be based on peak amplitude, average 
amplitude, root-mean-square of the amplitude, and/or any 
other computation, over a certain period of received signal or 
a certain number of received samples, yielding a representa 
tion of signal strength. Further note that the output of the 
RSSI modules 100 and 102 may be an analog or digital signal, 
where the analog RSSI signal may be digitized before being 
received by the selection module 108. 
The selection module 108 receives the limited I signals, the 

limited Q signals, the I RSSI value, and the Q RSSI value. 
Based on a comparison of the RSSI values, the selection 
module 108 outputs the limited I signals or the limited Q 
signals as the pre-decoded BB data 68. For example, if the Q 
RSSI value is greater than the I RSSI value, the selection 
module 108 may output the limited Q signals as the pre 
decoded BB data 68. Note that the selection module 108 may 
make such a decision on a bit by bit basis. Further note that the 
comparison of I RSSI with Q RSSI may include hysteresis to 
reduce the occurrence of alternating selection of the limited I 
signals and the limited Q signals. Still further note that the 
pre-decoded BB data 68 produced by the pre-decoding mod 
ule 50 of FIG.6 may be provided to the decode module 52 of 
FIG. 4 for decoding. 

FIG. 7 is a schematic block diagram of another embodi 
ment of an RFID decoding subsystem that includes the pre 
decode module 50 and the decode module 52. In this embodi 
ment, the pre-decode module 50 includes the I filter 80, the Q 
filter 82, the IRSSI module 100, the QRSSI module 102, the 
I limiting module 104, and the Q limiting module 106. In this 
embodiment, the limited I signals and the limited Q signals 
represent the pre-decoded baseband data 68 and the I and Q 
RSSI values represent the corresponding decoding informa 
tion 70. 
The decode module 52 includes an I decoding module 122, 

a Q decoding module 124, and a selection module 126. Each 
of the I and Q decoding modules 124 and 126 may be con 
structed in accordance with the decode module of FIG. 4, any 
other decode module disclosed herein, and/or any other bi 
phase decoder. 
The selection module 126 receives the decoded Ibit(s), the 

decoded Q bit(s), the IRSSI value(s), and the QRSSI value(s) 
on a bit by bit basis or a word (e.g., 2 or more bits) by word 
basis. Based on a comparison the IRSSI value(s) and the Q 
RSSI value(s), the selection module 126 outputs the decoded 
Ibit(s) or the decoded Q bit(s) as the decoded RFID data 72. 
Note that the comparison of I RSSI with QRSSI may include 
hysteresis to reduce the occurrence of alternating selection of 
the limited I signals and the limited Q signals. 
As an extension of this embodiment, the selection module 

126 may enable the I or the Q decoding module 122 or 124 to 
perform a counting process based decode, where the selection 
is made based on the I and QRSSI values. In this instance, the 
decode module 52, via the selection module 126, may moni 
tor for decoding errors over a plurality of data bit intervals, 
which may be determine via a cyclic redundancy check 
(CRC) algorithm. When a decoding error exists, the selection 
module 126 enables the other one of the I or the Q decoding 
module 122 or 124 to perform the counting process based 
decoding. In other words, use the complimentary pre-decod 
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ing path to decode the pre-decoded baseband data when 
errors exist in the initially selected path. 

FIG. 8 is a schematic block diagram of another embodi 
ment of an RFID decoding subsystem that includes the pre 
decode module 50 and the decode module 52. In this embodi 
ment, the delineation between the pre-decode module 50 and 
the decode module 52 may vary. For instance, in one embodi 
ment, the pre-decode module 50 includes the I filter 80, the Q 
filter 82, the IRSSI module 100, the QRSSI module 102, the 
I limiting module 104, and the Q limiting module 106. In 
another delineation, the decode module 52 includes the deci 
sion module 130 and the pre-decode module 50 includes the 
other components. 

In operation, the I filter 80, the Q filter 82, the I RSSI 
module 100, the QRSSI module 102, the I limiting module 
104, and the Q limiting module 106 function as previously 
discussed. Counters 921 and 92Q count clock cycles of the 
NX clock source 90 based on the Ilimited signals and counters 
92Q and 94Q count clock cycles based on the Q limited 
signals. The counts of counters 921 and 941 are weighted 
based on the IRSSI value and the counts of counters 92Q and 
94Q are weighted based on the QRSSI value. The weighted 
counts of counters 921 and 92Q are combined and provide 
one input to the decision module 130. The weighted counts of 
counters 941 and 94Q are combined and provide the other 
input to the decision module 130. The decision module 130 
uses the weighted counts to produce the decoded RFID data 
72. 
As an example, assume that FMO encoding is used such 

that a logic 0 is represented by a state change in the middle of 
the bit and a logic 1 is represented by a constant state through 
out the bit. With reference to FIG. 5, four count values would 
be produced for each logic state. For instance, for a logic 0, 
each counter would produce a count of approximately four. 
The counts are then weighted based on the corresponding 
RSSI values, which are then combined and decoded as pre 
viously stated. 

FIG. 9 is a schematic block diagram of another embodi 
ment of an RFID decoding subsystem that includes the pre 
decode module 50 and the decode module 52. The pre-decode 
module 50 includes the I filter 80, the Q filter 82, an Isample 
buffer 142, a Q sample buffer 144, and a multiplexer 146. The 
decode module 52 includes a limiting module 86, counter 92, 
counter 94, NX clock source 90, a decision module 96, and a 
packet and CRC module 140. In an alternate embodiment, the 
limiting module 86 may include two modules coupled 
between the filters 80 and 82 and sample buffers 142 and 144, 
respectively. 

In this embodiment, the I and Q sample buffers 142 and 144 
store at least a word of filtered I signal components and 
filtered Q signal components, respectively. The multiplexer 
146 outputs the stored filtered I signal components or the 
filtered Q signal components based on a control signal pro 
vided by the packet and CRC module 140. The limiting mod 
ule 86, the counters 92 and 94, and the decision module 96 
function as previously described to produce decoded RFID 
bits of data. 

The packet and CRC module 140 collect the decoded RFID 
bits of data at a word level. When a word of decoded data bits 
is stored, the module 140 performs a CRC check on the word. 
If the word passes the CRC, the control signal remains in the 
same state for the next word. If, however, the word fails the 
CRC, the control signal is toggled such that the other path 
provides the inputs to the counters 92 and 94 for the current 
word. The module 140 outputs a word of decoded RFID data 
72 when the current word passes the CRC. 
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10 
FIG. 10 is a schematic block diagram of another embodi 

ment of a pre-decode module 50 that includes a limiter 150 
and a frequency divider module 152. In this embodiment, the 
limiter 150 is coupled to limit the down-converted RFID 
signals to produce limited RFID signals. The frequency 
divider module 152 is coupled to reduce frequency of the 
limited RFID signals to correspond to a rate of one of FMO 
and FM1 data as the pre-decoded BB data 68. For instance, 
the frequency divider module 152 can converta four-interval 
bit cell encoded data to a bi-phase FMO or FM1 encoded data. 
As an example, a logic 0 of Electronic Product Code (EPC) 
class 1 (RFID standard) is represented as a transition from one 
state to another within a bit and a logic 1 is represented by four 
transitions from a first state to a second, back to the first, and 
then to the second. By reducing the rate of the EPC class 1 by 
a factor of two, the number of state changes per bit is reduced 
by two. Thus, a logic 0 now has one state and a logic 1 has two 
states, which corresponds to FM1 encoding. 

FIG. 11 is a schematic block diagram of a portion of 
another embodiment of a pre-decode module 50 that includes 
a digital down conversion module 156. The digital down 
conversion module 156 is coupled to convert the down con 
verted RFID signals 66, which have an intermediate carrier 
frequency, into down converted RFID signals 66 at baseband. 
Once the down converted RFID signals 66 are at baseband, 
the pre-decoding as previously discussed may be used to 
produce the pre-decoded BB data 68. 

FIG. 12 is a schematic block diagram of another embodi 
ment of an RFID decoding subsystem that includes the pre 
decode module 50 and the decode module 52. The pre-decode 
module 50 corresponds to the pre-decode module 50 dis 
cussed with reference to FIG. 6. Note that in another embodi 
ment, the I limiting module 104 and the Q limiting module 
106 of the pre-decode module 50 may be removed. 
The decode module 52 includes a 1 N/2 sample module 

160, a 2" N/2 sample module 162 and a comparison output 
module 164. The N/2 sample modules 160 and 162 sample 
the pre-decoded BB data at N times the bit rate. Then 1 N/2 
sample module 160 processes the first half of samples in one 
bit period of the pre-decoded BB data 68 and produces a first 
decision metric. The 2" N/2 sample module 162 processes 
the second half of samples in one bit period of the pre 
decoded BB data 68 and produces a second decision metric. 
In one embodiment, the decision metric may be the sign of the 
majority of N72 samples (assuming bipolar +1 and -1 
samples). In another embodiment, the decision metric may be 
the average amplitude of N/2 samples (assuming unipolar 0 
and 1 samples). The comparison module 164 compares the 
first and the second decision metrics to produce the decoded 
RFID data 72. 

FIG. 13 is a diagram of an example of sample based decod 
ing performed by the decode module of FIG. 12. In this 
example, the data is FMO encoded such that a logic 0 is 
represented by a transition between two states and a logic 1 is 
represented by a single state. The 1 and 2" N/2 sampling 
points are shown for both a logic 0 encoded bit and a logic 1 
encoded bit. In this example, N is set to 2, i.e., there are two 
samples in one data bit interval, and the 1 N/2 sample mod 
ule 160 and the 2" N/2 sample module 162 each process one 
sample. In other examples N may be equal to any other 
number, in which case the 1 and 2" sample modules each 
would process half of the samples in one bit interval and using 
averaging, majority selection, etc., would produce the corre 
sponding decision metrics for the comparison module 164. In 
this example, for a logic 0 encoded bit, the 1 sample module 
160 outputs a 1 or a 0, as the first decision metric, depending 
on the starting state of the encoded bit and the 2" sample 
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module 162 outputs the opposite 0 or 1 as the second decision 
metric. By comparing the two decision metrics, which are 
different for a logic 0, the comparison module 164 produces 
a logic 0 decoded bit. 

For a logic 1 encoded bit, the 1 sample module 160 out 
puts a 1 or a 0 depending on the starting state of the encoded 
bit and the 2" sample module 162 outputs the same 1 or 0. By 
comparing the two decision metrics samples, which are the 
same for a logic 1, the comparison module 164 produces a 
logic 1 decoded bit. 

FIG. 14 is a schematic block diagram of another embodi 
ment of an RFID decoding subsystem that includes the pre 
decode module 50 and the decode module 52. The pre-decode 
module 50 is similar to the pre-decode module of FIG. 7. The 
decode module 52 includes an I decoder, a Q decoder, and a 
selection module 170. The I decoder includes a 1N72 sample 
module 1601, a 2" N/2 sample module 1621 and a compari 
son output module 1641 and the Q decoder includes a 1 N/2 
sample module 160Q, a 2" N/2 sample module 162O and a 
comparison output module 164Q. The I and Q decoders func 
tion similarly to the decode module of FIG. 12 to produce I 
decoded RFID data and Q decoded RFID data. The selection 
module 170 selects the I decoded RFID data or the Q decoded 
RFID databased on the IRSSI value and the QRSSI value. In 
an alternate embodiment, the I RSSI value and the Q RSSI 
value may be used to weight the outputs of 1 and 2" N/2 
sample modules on I and Q channels, respectively, which will 
then be combined to provide the inputs to a comparison 
output or a decision module, as previously discussed with 
reference to FIGS. 7 and/or 8. 

FIG. 15 is a schematic block diagram of another embodi 
ment of an RFID decoding subsystem that includes the pre 
decode module 50 and the decode module 52. The pre-decode 
module includes the I filter 80, the Q filter 82, the I limiting 
module 104, and the Q limiting module 106 to produce a 
limited I component signal and a limited Q component signal. 
The decode module 52 functions to mix the limited in-phase 
component signals with a reference oscillation to produce 
mixed in-phase component signals; mix the limited quadra 
ture component signals with a quadrature reference oscilla 
tion to produce mixed quadrature component signals; and 
process the mixed in-phase component signals and the mixed 
quadrature component signals to produce decoded RFID 
data, wherein the reference oscillation and the quadrature 
reference oscillation are based on rate of encoded RFID data. 

In one embodiment, the decode module 52 includes mixer 
190, mixer 192, a reference oscillation 180, and a decode 
processing module 182. The decode processing module 182 
may include a D flip-flop 184, a filter 186, and a filter 188. In 
operation, the mixer 192 mixes the limited I component sig 
nal with the reference oscillation to produce a 1 mixed signal 
and mixer 190 mixes the limited Q component signal with the 
reference oscillation to produce a 2" mixed signal. For 
example, if the data is FSK encoded in accordance with EPC 
class 0 where a first state (e.g., a logic 0) is represented by fl 
(e.g., 2.25 MHz) and a second state (e.g., a logic 1) is repre 
sented by f2 (e.g., 3.25 MHz), and the reference oscillation is 
represented by (f1 + f2)/2 (e.g., (2.25+3.25)/2=2.75 MHz), the 
resulting mixed signals area product of the state of the limited 
I and Q component signals and the reference oscillation. 
The mixed signals are subsequently filtered by filters 186 

and 188, which may be low pass filters or band pass filters. 
The filtered 1 mixed signal is provided to the D input of the 
D flip-flop 184 and the filtered 2" mixed signal is provide to 
the clockinput of the D flip-flop 184. In this manner, when an 
encoded logic 1 is being processed (e.g., the limited I and Q 
components having a frequency of 3.25 MHz), the 1 mixed 
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12 
signal (i.e., the limited I component signal mixed with the 
reference oscillation) will be in a logic 1 state at the rising 
edge of the second mixed signal (i.e., the limited Q compo 
nent signal mixed with the reference oscillation). When an 
encoded logic 0 is being processed (e.g., the limited I and Q 
components having a frequency of 2.25 MHz), the 1 mixed 
signal will be in a logic 0 state at the rising edge of the second 
mixed signal. In this way, the D Flip-Flop 184 produces the 
RFID decoded data 72. 
As one of ordinary skill in the art will appreciate, the 

limiting modules in the above figures may be omitted if the 
signal level of the encoded bits is of a sufficient and consistent 
magnitude. As one of ordinary skill in the art will further 
appreciate, in any of the above embodiments, a limiting mod 
ule may be implemented via an analog to digital converter. 
As may be used herein, the terms “substantially' and 

“approximately provides an industry-accepted tolerance for 
its corresponding term and/or relativity between items. Such 
an industry-accepted tolerance ranges from less than one 
percent to fifty percent and corresponds to, but is not limited 
to, component values, integrated circuit process variations, 
temperature variations, rise and fall times, and/or thermal 
noise. Such relativity between items ranges from a difference 
of a few percent to magnitude differences. As may also be 
used herein, the term(s) “coupled to and/or “coupling” and/ 
or includes direct coupling between items and/or indirect 
coupling between items via an intervening item (e.g., an item 
includes, but is not limited to, a component, an element, a 
circuit, and/or a module) where, for indirect coupling, the 
intervening item does not modify the information of a signal 
but may adjust its current level, Voltage level, and/or power 
level. As may further be used herein, inferred coupling (i.e., 
where one element is coupled to another element by infer 
ence) includes direct and indirect coupling between two items 
in the same manner as “coupled to. As may even further be 
used herein, the term “operable to indicates that an item 
includes one or more of power connections, input(s), output 
(S), etc., to perform one or more its corresponding functions 
and may further include inferred coupling to one or more 
other items. As may still further be used herein, the term 
“associated with', includes direct and/or indirect coupling of 
separate items and/or one item being embedded within 
another item. As may be used herein, the term “compares 
favorably, indicates that a comparison between two or more 
items, signals, etc., provides a desired relationship. For 
example, when the desired relationship is that signal 1 has a 
greater magnitude than signal 2, a favorable comparison may 
be achieved when the magnitude of signal 1 is greater than 
that of signal 2 or when the magnitude of signal 2 is less than 
that of signal 1. 
The present invention has also been described above with 

the aid of method steps illustrating the performance of speci 
fied functions and relationships thereof. The boundaries and 
sequence of these functional building blocks and method 
steps have been arbitrarily defined herein for convenience of 
description. Alternate boundaries and sequences can be 
defined so long as the specified functions and relationships 
are appropriately performed. Any such alternate boundaries 
or sequences are thus within the scope and spirit of the 
claimed invention. 
The present invention has been described above with the 

aid of functional building blocks illustrating the performance 
of certain significant functions. The boundaries of these func 
tional building blocks have been arbitrarily defined for con 
venience of description. Alternate boundaries could be 
defined as long as the certain significant functions are appro 
priately performed. Similarly, flow diagram blocks may also 
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have been arbitrarily defined herein to illustrate certain sig 
nificant functionality. To the extent used, the flow diagram 
block boundaries and sequence could have been defined oth 
erwise and still perform the certain significant functionality. 
Such alternate definitions of both functional building blocks 
and flow diagram blocks and sequences are thus within the 
Scope and spirit of the claimed invention. One of average skill 
in the art will also recognize that the functional building 
blocks, and other illustrative blocks, modules and compo 
nents herein, can be implemented as illustrated or by discrete 
components, application specific integrated circuits, proces 
sors executing appropriate Software and the like or any com 
bination thereof. 

What is claimed is: 
1. A radio frequency identification (RFID) decoding sub 

system comprises: 
pre-decode module coupled to process down-converted 
RFID signals into pre-decoded baseband data; and 

decode module coupled to: 
enable a counting process based on the pre-decoded 

baseband data to produce a count resultant; 
compare the count resultant with a threshold at a data bit 

interval to produce decoded RFID data; 
determine whether a decoding error exists for the RFID 

data over a plurality of data bit intervals: 
when the decoding error exists, enable the counting 

process based on complimentary pre-decoded 
baseband data to produce a complimentary count 
resultant; and 

compare the complimentary count resultant with the 
threshold at the data bit interval to produce decoded 
RFID data. 

2. The RFID decoding subsystem of claim 1, wherein the 
pre-decoded baseband data comprises at least one of: 

amplitude estimation of the down-converted RFID signals: 
and 

limited in-phase component signals or limited quadrature 
component signals selected based on received signal 
strength of in-phase component and quadrature compo 
nent of the down-converted RFID signals. 

3. The RFID decoding subsystem of claim 1, wherein the 
decode module comprises: 

a clock source coupled to generate a clock signal having a 
rate greater than an inverse of the data bit interval: 

a first counter enabled based on a first state of the pre 
decoded baseband signal to count cycles of the clock 
signal during at least one period of the data bit interval to 
produce a first count; 

a second counter enabled based on a second state of the 
pre-decoded baseband signal to count cycles of the clock 
signal during at least one period of the data bit interval to 
produce a second count; and 

decision module coupled to produce the decoded RFID 
databased on the first and second counts. 

4. The RFID decoding subsystem of claim 3, wherein the 
decision module functions to: 

compare at least one of the first and second counts with at 
least one threshold; 

when the at least one of the first and second counts compare 
unfavorably with the at least one threshold, decode the 
pre-decoded baseband signal for the at least one period 
of the data bit interval as a first decoded value; and 

when the at least one of the first and second counts com 
pares favorably with the at least one threshold, decode 
the pre-decoded baseband signal for the at least one 
period of the data bit interval as a second decoded value. 
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5. The RFID decoding subsystem of claim 1, wherein the 

pre-decode module comprises: 
an In-Phase filter; 
a Quadrature filter; 
an amplitude estimation module; and 
a limiting module. 
6. A radio frequency identification (RFID) decoding sub 

system comprises: 
pre-decode module coupled to process down-converted 
RFID signals into pre-decoded baseband data, wherein 
the pre-decoded baseband data comprises: 
limited in-phase signals; 
limited quadrature signals; and 
a representation of signal strength of the pre-decoded 

baseband data; and 
decode module coupled to: 

sample the pre-decoded baseband data at a rate greater 
than a data rate to produce at least 

a first decision metric and a second decision metric per 
data bit interval; 

compare the first and second decision metrics; 
when the first and second decision metrics Substantially 

match, produce a first decoded value; and 
when the first and second decision metrics do not Sub 

stantially match, produce a second decoded value. 
7. The RFID decoding subsystem of claim 6, wherein the 

decode module comprises: 
a first sampling module coupled to produce the first deci 

sion metric during a first portion of the data bit interval: 
a second sampling module coupled to produce the second 

decision metric during a second portion of the data bit 
interval; and 

comparison module coupled to compare at least one of sign 
and magnitude of the first and second decision metrics to 
produce the first or second decoded value. 

8. The RFID decoding subsystem of claim 7, wherein each 
of the first and second sampling modules comprises: 

a clock Source coupled to produce a clock signal having a 
rate greater than an inverse of the data bit interval: 

a first counter coupled to count a first state of the pre 
decoded baseband data during the first or second portion 
of the data bit interval to produce a first count, wherein 
the first counter is clocked by the clock signal; 

a second counter coupled to count a second state of the 
pre-decoded baseband data during the first or second 
portion of the data bit interval to produce a second count, 
wherein the second counter is clocked by the clock sig 
nal; and 

output module coupled to: 
compare the first count with the second count; 
output the first state as the first or second decision metric 
when the first count compared favorably to the second 
count; and 

output the second state as the first or second decision 
metric when the first count compared unfavorably to 
the second count. 

9. The RFID decoding subsystem of claim 6, wherein the 
decode module comprises: 

an in-phase decode module coupled to: 
sample the limited in-phase signals at the rate greater 

than the data rate to produce at least a first in-phase 
decision metric and a second in-phase decision metric 
per data bit interval; 

compare the first and second in-phase decision metric; 
when the first and second in-phase decision metrics Sub 

stantially match, produce a first in-phase decoded 
value; and 
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when the first and second in-phase decision metrics do 
not substantially match, produce a second in-phase 
decoded value; 

a quadrature decode module coupled to: 
sample the limited quadrature signals at the rate greater 

than the data rate to produce at least a first quadrature 
decision metric and a second quadrature decision 
metric per data bit interval: 

compare the first and second quadrature decision met 
rics; 

when the first and second quadrature decision metrics 
Substantially match, produce a first quadrature 
decoded value; and 

when the first and second quadrature decision metrics do 
not substantially match, produce a second quadrature 
decoded value; 

a selection module operably coupled to provide the first or 
second in-phase decoded value as the first or second 
decoded value when the representation of signal 
strength of the pre-decoded baseband data is in an in 
phase state and provide the first or second quadrature 
decoded value as the first or second decoded value when 
the representation of signal strength of the pre-decoded 
baseband data is in a quadrature state. 

10. A radio frequency identification (RFID) decoding sub 
system comprises: 

pre-decode module coupled to process down-converted 
RFID signals into limited in-phase component signals 
and limited quadrature component signals; and 

decode module coupled to: 
mix the limited in-phase component signals with a ref 

erence oscillation to produce mixed in-phase compo 
nent signals; 

mix the limited quadrature component signals with a 
quadrature reference oscillation to produce mixed 
quadrature component signals; and 

process the mixed in-phase component signals and the 
mixed quadrature component signals to produce 
decoded RFID data by sampling one of the mixed 
in-phase component signals and the mixed quadrature 
component signals by another one of the mixed 
inphase component signals and the mixed quadrature 
component signals to produce the decoded RFID 
data, wherein the reference oscillation and the 
quadrature reference oscillation are based on rate of 
encoded RFID data. 

11. The RFID decoding subsystem of claim 10, wherein the 
decode module comprises: a D flip-flop having a D input, a 
clock input, and an output, wherein the D input is 30 coupled 
to receive the mixed in-phase component signals and the 
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clock input is coupled to receive the mixed quadrature com 
ponent signals, and wherein the output provides the decoded 
RFID data. 

12. The RFID decoding subsystem of claim 10 comprises: 
a first rate of oscillation to represent a first state of the 

down-converted RFID signals; 
a second rate of oscillation to present a second state of the 

down-converted RFID signals; and 
the reference oscillation having a rate based on the a func 

tion of the first and second rates. 
13. The RFID decoding subsystem of claim 10, wherein the 

pre-decode module comprises: 
an In-Phase filter; 
a Quadrature filter; 
an amplitude estimation module; and 
a limiting module. 
14. A radio frequency identification (RFID) decoding sub 

system comprises: 
pre-decode module coupled to process down-converted 
RFID signals into limited in-phase component signals 
and limited quadrature component signals; and 

decode module comprising: 
a first mixer operable to mix the limited in-phase com 

ponent signals with a reference oscillation to produce 
mixed in-phase component signals; 

a second mixer operable to mix the limited quadrature 
component signals with a quadrature reference oscil 
lation to produce mixed quadrature component sig 
nals, wherein the reference oscillation and the quadra 
ture reference oscillation are based on a rate of 
encoded RFID data; and 

a D flip-flop having a D input, a clock input, and an 
output, wherein the D input is coupled to receive the 
mixed in-phase component signals and the clock 
input is coupled to receive the mixed quadrature com 
ponent signals, and wherein the output provides the 
decoded RFID data. 

15. The RFID decoding subsystem of claim 14, comprises: 
a first rate of oscillation to represent a first state of the 

down-converted RFID signals; 
a second rate of oscillation to present a second state of the 

down-converted RFID signals; and 
the reference oscillation having a rate based on the a func 

tion of the first and second rates. 
16. The RFID decoding subsystem of claim 14, wherein the 

pre-decode module comprises: 
an In-Phase filter; 
a Quadrature filter; 
an amplitude estimation module; and 
a limiting module. 
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